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Abstract：This study analyzes the limitations of the triple-helix model of government-industry-research institution and the
shortcomings of the existing research on the fourth helix. It introduces the viewpoint that the science and technology
(S&T) service organization should be the fourth helix, and thus builds the quadruple-helix model of government-industry-
research institution-service organization. Subsequently, an index of Tgias quadruple-helix innovation synergy is designed
based on mutual information and the triple-helix algorithm. The output data of scientific and technological papers on each
subject are used as its innovation output characterization, and the innovation synergy between and among the quadruple-he‐
lix subjects with the index Tgias are quantitatively measured. Quantitative analysis reveals that after the S&T service organi‐
zation joins the helix structure, the existing synergies of government-industry, government-research institution, industry-re‐
search institution, and government-industry-research institution are comprehensively improved, reflecting the catalytic and
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tem. The research and application of the model developed herein is conducive to improving the efficiency of collaborative
innovation in S&T intelligence, technology transfer, and other aspects.




















































































































自 2000 年 Loet Leydesdorff 首次运用三螺旋算法

























Pxy lg ( Pxy) (2)




Txy = Ex + Ey - Exy (3)
对于相互作用的三个子系统，Abramson[27]将其
互信息转接度定义为










E ( x1,x2,⋯,xn) =∑
i = 1
n
E ( xi|xi - 1,xi - 2,⋯,x1 ) (5)
根据互信息的链式法则，有
T ( x1,x2,⋯,xn ; y ) =
E ( x1,x2,⋯,xn) - E ( x1,x2,⋯,xn|y ) (6)
则，具体到“政-产-研-服”四螺旋创新系统，其协
同度 Tgias可定义为
Tgias = Eg + E i + Ea + Es - Egi - Ega - Egs - E ia -
E is - Eas + Egia + Egis + Egas + E ias - Egias (7)
① http：//cpc.people.com.cn/n1/2020/1030/c64094-31911721.html
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步考虑在 10 年以上；由于 2003 年我国科技政策的
重点和方向包括了中长期科技规划、国家创新体
系、科技评价体系、高新技术产业化等相关内容[29]，



























为 68%，是产业机构 （I） 的 2.7 倍，是科技服务机


























机构的政府资助产出 （GS） 增长较快，然而“政 -
产 -服”系统的合作产出 （GIS） 增长缓慢。对比
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服”四螺旋系统 （GIAS），有效提升了原“政 -产 -
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